Abstract About 11 faecal samples from various regions of Tamil Nadu and Andhra Pradesh containing mixed spectrum of Eimeria species detected by morphometry viz. 15.4 9 11.2, 28.5 9 20.3, 31.1 9 18.5, 13.2 9 12.4, 20.8 9 17.5 and 22 9 18 lm for E. acervulina, E. brunetti, E. maxima, E. mitis, E. necatrix, E. praecox and E. tenella respectively were taken for the study. The oocysts were concentrated and purified using faecal harvest protocol. The genomic DNA is extracted as per kit protocol. The amplicons of sizes 539 bp (E. tenella) and 460 bp (E. mitis) obtained could be visualised in a single lane for the multiplex PCR assay using sequence characterized amplified region primers.
Introduction
Coccidiosis in chicken is caused by obligatory intracellular protozoa of the family Eimeriidae. Seven distinct Eimeria species can infect chickens, causing intestinal lesions of variable extent and severity, reducing the absorptive function of the mucosa and thus leading to weight loss, diarrhoea, poor FCR and higher mortality of the affected flocks (McDougald and Reid 1997) . Species identification is classically performed using morphometry, pre-patent period, sporulation time, lesion scoring techniques based on severity, intestinal site and shape of the lesions and characteristics of the endogenous stages in the intestinal mucosa (Joyner and Long 1974; Long 1982) . However, these techniques require highly trained personnel and are limited by the overlap of characteristics among different species (Long and Joyner 1984) . Furthermore, mixed infections can pose a problem for the precise determination of the intestinal site of the lesions (Jeffers 1975; McDougald and Jeffers 1976; Shirley et al. 1984) has eliminated the pre-patent period as a good criterion for species identification. Initial efforts aiming at species identification through molecular polymorphism were based on isoenzyme analysis (Shirley 1975; Johnston and Fernando 1997) . This method, however, requires large numbers of parasitic stages, is time consuming and cumbersome.
Another restriction was posed by the inherent inability of the method to deal with mixed samples, generating overlapping band profiles that are not informative. Several reports described the development of PCR assays for species discrimination of Eimeria spp. using as targets different regions of the ribosomal cistrons, including the 5S rRNA (Stucki et al. 1993) , the small subunit rRNA (Tsuji et al. 1997) , the ribosomal internal transcribed spacer 1 (ITS-1) (Schnitzler et al. 1998 (Schnitzler et al. , 1999 , and ITS-2 (Woods et al. 2000; Gasser et al. 2001 ).
Paran and Michelmore (1993) described a new marker, the sequence-characterised amplified region (SCAR), which is derived from RAPD fragments and can be amplified by a pair of specific primers under stringent conditions. Fernandez et al. (2003) developed a multiplex PCR assay using SCAR species specific markers for Eimeria spp. of domestic fowl for simultaneous discrimination of various Eimeria species that infect the domestic fowl.
Materials and methods

Mean morphometry of Eimeria oocysts
About 33 faecal samples from various poultry farms of Tamil Nadu and Andhra Pradesh were screened by morphometry for mixed Eimeria species infections.
Mixed sample source
The faecal samples from various regions of Tamil Nadu and Andhra Pradesh containing mixed spectrum of Eimeria species detected by morphometry (Levine 1985) were taken for the study.
Sample preparation
The oocysts from each mixed sample were taken as such without changing original species composition and proportion obtained from the poultry farms for purification. The oocysts were then concentrated and purified by faecal harvest protocol (Bumstead and Millard 1992) .
Genomic DNA extraction from oocysts of Eimeria
The purified sample containing aliquots of *1 9 10 6 purified mixed species oocysts of various Eimeria species were taken and oocysts were pelleted as such at 10,000 rpm for 1 min. Equal volume of glass beads of 0.5 mm (Sigma, USA) were added and vortexed vigorously for 45 s. to break the oocyst and sporocyst walls. The genomic DNA extracted as per kit protocol (Kaya et al. 2007) , is presumed to contain all the species present in that particular isolate.
Multiplex PCR using SCAR primers Multiplex PCR was carried out in a Thermal cycler (Eppendorf, Germany) using SCAR primers. Table 1 for various mixed species containing isolates (Table 3 ). The reaction mix consisted of Taq DNA polymerase (Sigma, USA)-1.0 ll (5 U/ll), 109 buffer-3.5 ll, dNTP mix-1.0 ll forward primer-1.0 ll 9 6 (20 pmol of each of the 6 species), reverse primer-1.0 ll 9 6 (20 pmol of each of the 6 species), template DNA-3.0 ll and made up to 35.0 ll with nuclease free water. Standardized cycling conditions consisted of initial denaturation: 96°C for 5 min, (denaturation: 94°C for 1 min, annealing: 62°C for 2 min, extension: 72°C for 1 min) for 30 cycles and Final extension: 72°C for 7 min.
Results and discussion
Mean morphometry of Eimeria oocysts
The mean oocysts morphometric values obtained for various poultry Eimeria species are given in Table 2 . Mixed sample source About 11 mixed species faecal isolates screened by morphometry were taken for further processing (Table 3) . More than one species of Eimeria were detected in samples obtained from Thiruchitrambalam, Cuddalore, Chinnakozhvari, Red hills, Coimbatore, Tiruppur, Nellore, Vellore, Thanjavur. Pakkam and Namakkal respectively by morphometry (Table 3) . This is also in agreement with the reports by previous workers on the prevalence of coccidiosis as a mixed infection (Raman et al. 2005; Antonik et al. 2008; SairaBanu et al. 2009 ).
The composition of species observed in mixed infection was of E. tenella, E. maxima, E. acervulina and E. mitis. The mixed infections of E. tenella, E. acervulina and E. mitis are more fatal among birds (Long 1973) , he found that both E. tenella and E. acervulina were having the ability to produce a higher mortality in chicken during 4-6 weeks of age.
Multiplex PCR using SCAR primers Multiplex PCR assay was carried out using samples with mixed infection to know the species contained in them. The amplicons of sizes 539 bp (E. tenella) and 460 bp (E. mitis) obtained could be visualised in a single lane (Fig. 1) .
The multiplex PCR assay with other combinations of species occurring in mixed infections did not give amplicons since standardization of this assay was much more difficult than conventional individual PCR. As multiple primers were used in the same reaction, each one represents distinct binding efficiencies, different reaction kinetics occur simultaneously leading to heterogeneous amplification pattern. Further this aspect was incremented by the complex molecular cross interactions that took place during cycling altering the primer binding and contributing to different amplification rate of each product. The constraints due to samples with less numbers of oocysts of a particular species as observed in conventional PCR would also interfere with amplification process in multiplex PCR, all of which concurred with the opinion of Fernandez et al. (2003) .
Multiplex PCR is a highly useful technique since mixed infections are more predominant than single species infection in natural conditions as reported by (Anna 2002; Raman et al. 2005; Antonik et al. 2008; SairaBanu et al. 2009 ). This assay greatly reduces the time and cost of chemicals avoiding PCR assays for individual species. In natural outbreaks of coccidiosis, mixed species infections with overlapping gross lesions in the intestines pose huge problems in the diagnosis and control of this economically important disease. In such circumstances, diagnostic multiplex PCR assay will be useful to devise control strategies to minimise the economic loss due to this disease. However T.N Tamil Nadu, A.P Andhra Pradesh, B broiler farm, L layer farm, OPG oocyst per gram, ET, Eimeria tenella; EMx, Eimeria ma´xima; EA, Eimeria acervulina; EMi, Eimeria mitis; EN, Eimeria necatrix; EB, Eimeria brunetti; ?, positive for infection; -, negative for infection the low quantity of DNA of one species resulting from lower number of oocysts could not get amplified as seen with E. brunetti in this study and even is masked by the DNA of other predominant species in samples with mixed infections. This could be overcome by proper optimisation of DNA extraction and PCR protocols.
